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$D$ : ( )






















$I_{2}(t)$ : OW $t$
$I_{3}(t)$ : OW $t$
$Q$ : 1 ( )





4. (OW) $W$ (RW)
5. RW OW $\mathfrak{h}\backslash$ , $\beta\geq\alpha$
6. OW RW






3 $[0, t_{w}]$ , $[t_{w}, t_{1}],$ $[t_{1}, T]$
$[0, t_{w}]$ RW OW
$[t_{w}, t_{1}]$ RW OW
$[t_{1}, T]$
$\frac{dI_{1}(t)}{dt}$ $=$ $-D-\beta I_{1}(t)$ , $0\leq t\leq t_{w}$ , (1)
$\frac{dI_{2}(t)}{dt}$ $=$ $\{\begin{array}{ll}-\alpha I_{2}(t), 0\leq t\leq t_{w}-D-\alpha I_{2}(t), t_{w}\leq t\leq t_{1},\end{array}$ (2)
$\frac{dI_{3}(t)}{dt}$ $=$ $-\delta D$ , $t_{1}\leq t\leq T$ (3)
$I_{1}(t_{w})=0$ ; $I_{2}(0)=W$ ; $I_{2}(t_{1})=0$ ; $I_{3}(t_{1})=0$ (4)
(1),(2),(3) $tf$ $I_{1}(t),$ $I_{2}(t),$ $I_{3}(t)$
:
$I_{1}(t)$ $=$ $\frac{D}{\beta}[e^{\beta(t_{w}-t)}-1]$ , $0\leq t\leq t_{w}$ , (5)
$I_{2}(t)$ $=$ $\{\begin{array}{ll}We^{-\alpha t}, 0\leq t\leq t_{w}\frac{D}{\alpha}[e^{\alpha(t_{1}-t)}-1], t_{w}\leq t\leq t_{1},\end{array}$ (6)
$I_{3}(t)$ $=$ $-\delta D(t-t_{1})$ , $t_{1}\leq t\leq T$. (7)
$I_{2}(t)$ $t=t_{w}$
$t_{1}= \frac{1}{\alpha}\log[e^{\alpha t_{w}}+\frac{\alpha W}{D}]$ (8)
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$t_{1}$ $t_{w}$
Profit per unit time $=$ $\frac{1}{t_{1}+t_{2}}$ {Sales Revenue $+$ Earned Interest




$M$ 4 (I) $0\leq M\leq t_{w}$ , (II) $t_{w}\leq M\leq t_{1}$ , (III)
$t_{1}\leq M\leq t_{1}+t_{2}$ , (IV) $M\geq t_{1}+t_{2}$
(I) $0\leq M\leq t_{w}$
1. $=A$
2. RW $=C_{12} \int_{0}^{t_{w}}I_{1}(t)dt=\frac{C_{12}D}{\beta^{2}}\{e^{\beta t_{w}}-\beta t_{w-}1\}$
3. OW $=C_{11} \int_{0}^{t_{1}}I_{2}(t)dt=\frac{C_{11}}{\alpha}\{W-D(t_{1}-t_{w})\}$
4. $=C_{2} \int_{1}^{t_{1}+t_{2}}$ $(-I_{3}(t))dt=C_{2} \delta D\frac{t_{2}^{2}}{2}$
5. $=R \int_{t_{1}}^{t_{1}+t_{2}}tRD(1-\delta)t_{2}$
6. $=C \{I_{1}(0)+I_{2}(0)-I_{3}(T)\}=C\{\frac{D}{\beta}(e^{\beta t_{w}}-1)+W+\delta Dt_{2}\}$





$P_{1}(t_{w}, t_{2})$ $=$ $\frac{1}{t_{1}+t_{2}}[P_{0}(t_{w}, t_{2})+SDI_{d}\frac{M^{2}}{2}-CI_{c}\{$ $\frac{D}{\beta^{2}}(e^{\beta(t_{w}-M)}-1)$
$- \frac{D}{\beta}(t_{w}-M)+\frac{W}{\alpha}e^{-\alpha M}-\frac{D}{\alpha}(t_{1}-t_{w}$ $)+\delta Dt_{2}(t_{1}+t_{2}-M)\}]$ (9)
$P_{0}(t_{w}, t_{2})$ $=$
$SD(t_{1}+ \delta t_{2})-A-\frac{C_{12}D}{\beta^{2}}\{e^{\beta t_{w}}-\beta t_{w}-1\}-C_{2}\delta D\frac{t_{2}^{2}}{2}-RD(1-\delta)t_{2}$
$- \frac{C_{11}}{\alpha}\{W-D(t_{1}-t_{w})\}-C\{\frac{D}{\beta}(e^{\beta t_{w}}-1)+W+\delta Dt_{2}\}$ (10)
(II) $t_{w}\leq M\leq t_{1}$
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$P_{2}(t_{w}, t_{2})$ $=$ $\frac{1}{t_{1}+t_{2}}[P_{0}(t_{w}, t_{2})+SDI_{d}\frac{M^{2}}{2}$
$-CI_{c}D \{\frac{1}{\alpha^{2}}(e^{\alpha(t_{1}-M)}-1)-\frac{1}{\alpha}(t_{1}-M)+\delta t_{2}(t_{1}+t_{2}-M)\}]$ (11)
(III) $t_{1}\leq M\leq t_{1}+t_{2}$















$P_{4}(t_{w}, t_{2})$ $=$ $\frac{1}{t_{1}+t_{2}}[P_{0}(t_{w}, t_{2})+SI_{d}D\{t_{1}(M-\frac{t_{1}}{2})+\delta t_{2}(M-t_{1}-t_{2})\}]$
$M$




(I) $0\leq M\leq t_{w}$ $\frac{\partial P_{1}(t_{w},t_{2})}{\partial t_{w}}=0,$ $\frac{\partial P_{1}(t_{w},t_{2})}{\partial t_{2}}=0$
(15)$P_{1}(t_{w}, t_{2})$ $=$ $\frac{\partial P_{0}(t_{w},t_{2})}{\partial t_{w}}\frac{dt_{w}}{dt_{1}}-CI_{c}D\{\frac{1}{\beta}[e^{\beta(t_{w}-M)}-1]\frac{dt_{w}}{dt_{1}}-\frac{1}{\alpha}(1-\frac{dt_{w}}{dt_{1}})+\delta t_{2}\}$,
$P_{1}(t_{w}, t_{2})$ $=$ $\frac{\partial P_{0}(t_{w},t_{2})}{\partial t_{2}}-CI_{c}\delta D(t_{1}+2t_{2}-M)$ (16)
(15) (16)
$(C_{2}+CI_{c})\delta t_{2}=K_{1}(t_{w})$ (17)
$K_{1}(t_{w})$ $=$ $K_{0}(t_{w})+CI_{c}[e^{\alpha(t_{1}-t_{w})} \{\frac{1}{\beta}e^{\beta(t_{w}-M)}-\frac{1}{\beta}+\frac{1}{\alpha}\}-\frac{1}{\alpha}-\delta(t_{1}-M)]$ , (18)
$K_{0}(t_{w})$ $=$ $e^{\alpha(t_{1}-t_{w})}[ \frac{C_{12}}{\beta}(e^{\beta t_{w}}-1)+\frac{C_{11}}{\alpha}+Ce^{\beta t_{w}}]-(S+R)(1-\delta)-C\delta-\frac{C_{11}}{\alpha}$ (19)
(16) (17) (17)
$t_{2}$ $t_{2}\geq 0$ $K_{1}(t_{w})$ 1 $K_{1}’(t_{w})$
$C,CI_{c},C_{11}\ C_{12}$ $t_{w}(\geq M)$




$(a)K_{1}(M)\geq 0$ $t_{w}(\geq M)$ $F_{1}(t_{2})=0$ $t_{2}$
$(b)K_{1}(M)<0$ $K_{1}(\tau_{1})=0$ $t_{w}=\tau_{1}(\geq M)$ $t_{w}\geq\tau_{1}$
$t_{w}$ $F_{1}(t_{2})=0$ $t_{2}$ $M\leq t_{w}<\tau_{1}$
$F_{1}(t_{2})=0$
$F_{1}(t_{2})=0$ $t_{2}$ $t_{2}\in[0, \infty)$ $F_{1}(t_{2})>0$
(16)









$G_{1}(t_{w})= \frac{\partial P_{0}(t_{w},t_{2})}{\partial t_{2}}-CI_{c}\delta D(t_{1}+2t_{2}-M)-P_{1}(t_{w}, t_{2})$
(16) $G_{1}(t_{w})=0$ (17),(23)




$(a)G_{1}(M)\geq 0$ $G_{1}(t_{w}^{*})=0$ $t_{w}^{*}\in[M, \infty)$
$(b)G_{1}(M)<0$ $G_{1}(t_{w})=0$ $[M, \infty)$ $[M, \infty)$
$t_{w}$ $t_{w}^{*}=M$
(II), (III), (IV) $P(t_{w}, t_{2})$ (I),(II), (III)
1 (I),(II),(III)
3
$K(t_{w})$ $=$ $\{\begin{array}{l}K_{1}(t_{w}), t_{w}\geq MK_{2}(t_{w}), \overline{t}\leq t_{w}\leq MK_{3}(t_{w}), \tilde{t}\leq t_{w}\leq\overline{t},\end{array}$
$K_{2}(t_{w})$ $=$ $K_{0}(t_{w})+CI_{c} \{\frac{1}{\alpha}(e^{\alpha(t_{1}-M)}-1)-\delta(t_{1}-M)\}$ ,
$K_{3}(t_{w})$ $=$ $K_{0}(t_{w})-SI_{d}(M-t_{1})-CI_{c}\delta(t_{1}-M)$ ,
$F(t_{2})$ $=$ $(C_{2}+CI_{c})\delta t_{2}-K(t_{w})$
$(a)K_{3}(\tilde{t})\geq 0$ $t_{w}(\geq\overline{t})$ $F(t_{2})=0$ $t_{2}$
$(b)K_{3}(\tilde{t})<0$ $K(\tau)=0$ $t_{w}=\tau$ $[\tilde{t}, \infty)$
$t_{w}\in[\tau, \infty)$ $F(t_{2})=0$ $t_{2}$ $t_{w}\in[\tilde{t}, \tau)$
$F(t_{2})=0$ $[\tilde{t}, \tau]$ $t_{w}^{*}=\tau$
4
$G(t_{w})$ $=$ $\{\begin{array}{l}G_{1}(t_{w}), t_{w}\geq MG_{2}(t_{w}), \overline{t}\leq t_{w}\leq MG_{3}(t_{w}), \tilde{t}\leq t_{w}\leq\overline{t},\end{array}$
$G_{2}(t_{w})$ $=$ $\frac{\partial P_{0}(t_{w},t_{2})}{\partial t_{2}}-CI_{c}\delta D(t_{1}+2t_{2}-M)-P_{2}(t_{w}, t_{2})$,
$G_{3}(t_{w})$ $=$ $\frac{\partial P_{0}(t_{w},t_{2})}{\partial t_{2}}-CI_{c}\delta D(t_{1}+2t_{2}-M)-P_{3}(t_{w}, t_{2})$
$F(t_{2})=0$
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$(a)G_{3}(\tilde{t})\geq 0$ $G(t_{w}^{*})=0$ $t_{w}^{*}\in[\tilde{t}, \infty)$




$K_{4}(t_{w})$ $=$ $K_{0}(t_{w})-SI_{d}(1-\delta)(M-t_{1})$ ,
$F_{4}(t_{2})$ $=$ $(C_{2}+SI_{d})\delta t_{2}-K_{4}(t_{w})$
$(a)K_{4}(\tilde{t})<0$ $F_{4}(t_{2})=0$ $t_{2}$ $[0,\tilde{t}]$
$t_{w}^{*}=\tilde{t}$
$(b)K_{4}(0)\leq 0$ $K_{4}(\overline{t})\geq 0$ $K_{4}(\tau_{4})=0$ $t_{w}=\tau_{4}$ $[0,\tilde{t}]$






$G_{4}(t_{w})= \frac{\partial P_{0}(t_{w},t_{2})}{\partial t_{2}}+SI_{d}\delta D(M-t_{1}-2t_{2})-P_{4}(t_{w}, t_{2})$
$F_{4}(t_{2})=0$
$(a)G_{4}(\tilde{t})>0$ $G_{4}(t_{w})=0$ $[0,\tilde{t}]$ $[0,\tilde{t}]$
$t_{w}$ $t_{w}^{*}=\tilde{t}$
$(b)G_{4}(\tilde{t})\leq 0$ $G_{4}(0)\geq 0$ $G_{4}(t_{w}^{*})=0$ $t_{w}^{*}\in[0,\overline{t}]$
$(c)G_{4}(0)<0$ $G_{4}(t_{w})=0$ $[0, t]$ $[0, t]$
$t_{w}$ $t_{w}^{*}=0$
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